Objective: In order to provide estimates of overweight and obesity among Greek schoolchildren, and the adherence rates to the Mediterranean diet (MD), a nationwide survey was performed among fifth and sixth grade students aged 10-12 years old. Methods: A stratified sampling in 10 regions of the country was applied to voluntarily enroll a representative sample of 4786 children. Children were weighed and measured and completed a semi-quantitative food frequency questionnaire with a supplementary section for the assessment of dietary aspects and physical activity levels. Additionally, the KIDMED index was used to evaluate the degree of adherence to the MD. Results: According to the IOTF cut-offs, overweight (OW) and obesity (OB) prevalence among boys was 29.9% and 12.9%, while in girls 29.2% and 10.6%, respectively. Only 4.3% of the children had an optimal KIDMED score. KIDMED score did not differ between boys and girls and no differences were detected between normal weight and OW and OB children. However, children from semi-urban or rural regions had higher score. Furthermore, children with higher KIDMED score reported following a healthier diet and having higher physical activity levels. Conclusion: The prevalence of childhood obesity in Greece is the highest ever reported together with low adherence rates to the dietary patterns of the MD. Current findings suggest an increased risk for even higher rates of obesity in adolescence and adulthood in the near future. Taking into account that children are also abandoning the traditional cardio-protective MD, the increased risk for future adverse health consequences seems evident.
Introduction
Several studies have focused on the short-term and long-term consequences of childhood obesity, and high body mass index (BMI) levels have consistently been found to be associated with cardiovascular disease risk factors such as insulin resistance, dyslipidemia, and increased blood pressure [1] . An important criterion of the validity of childhood BMI is its relation to adult obesity, and almost all longitudinal studies have found that children with high BMI levels are more likely to become obese adults than are thinner children [2, 3] . Due to the tracking of BMI from childhood to adulthood, there is strong evidence that childhood obesity is associated with adult cardiovascular disease risk. In addition, it has been suggested that being underweight during childhood and overweight in adulthood also increases the risk for raised blood pressure during adulthood [4] .
According to data from previous European cross-sectional and epidemiological studies, childhood obesity is an escalating health problem particularly in countries surrounding the Mediterranean sea that show very high overweight (OW) and obesity (OB) prevalence rates [5] . Since the early 1960s when the first results of the Seven Countries Study established that the traditional Mediterranean dietary pattern, as followed in Crete, was associated with lower ischemic heart disease [6] , several studies have demonstrated that greater adherence to the Mediterranean diet is associated with a significant reduction in total mortality, improvement in longevity and lower incidence of atherosclerosis, coronary heart disease, metabolic syndrome and inflammation [7] [8] [9] . Yet, the fact that surveys conducted at local or regional level in Greece have noted that childhood obesity rates are among the highest in Europe [5, 10] Mediterranean diet is healthy it should also protect against OW and OB. In fact, there are evidence that the adult and children Mediterranean population are gradually abandoning the traditional dietary pattern [11] . However data on how this nutrition transition affects OW and OB rates are scarce and it is not clear whether the adherence to the Mediterranean diet has any protective effect on the childhood obesity problem. The aim of the present paper from the Greek Childhood Obesity (GRECO) study was to provide current national data on overweight and obesity prevalence in preadolescent schoolchildren (aged 10-12 years old) in Greece and, additionally, to evaluate the quality of children's diet by assessing the degree of adherence to the Mediterranean diet and its association with the obesity rates.
Methods and procedures

Sampling procedure
The study was carried out from October to May 2009. A stratified sampling scheme by age and sex group, based on the population distribution (National Statistical Services, 2001 census), in 10 regions of the whole country (i.e., Attica, Macedonia, Peloponnisos, Sterea Ellada & Evia, Ipeiros, Thessalia, Thrace, Aegean islands, Ionian islands and Crete) was used to obtain a representative sample of 5000 children. The number of children had been pre-specified using statistical power calculations in order to achieve a 85% power at 5% type I error when evaluating odds ratios equal to 1.10. Thus, using also the official catalogues provided by the regional directorates of primary education, a total of 4786 fifth and sixth grade schoolchildren with a mean age of 10.9 ± 0.75 years old (49.3% males and 50.7% females) were finally voluntarily enrolled (participation rate 95%). The number of schools that agreed to participate in the study was 117 from all over the country (10 regions and 14 prefectures) (Fig. 1) . The prefectures were grouped based on their population in "Large urban areas" with a population size greater than 1,000,000; "Urban and Semi-urban Areas" with a population size ranging from 10,000 to 100,000 inhabitants. Finally, 52.0% and 48.0% of the sample came from large urban and urban and semiurban areas, respectively.
The research and all the means used in the study were approved by the Hellenic Ministry of Education (Department of Primary Education) as the law provides in Greece for any studies conducted in the school environment during formal school hours, and the Agricultural University of Athens Research Committee.
Anthropometry and obesity and underweight definition
The measurements were conducted by investigators and stuff of the Unit of Human Nutrition of the Agricultural University of Athens. Investigators followed a series of planning meetings and were trained in survey methods during training sessions that included practical experience in weighing and measuring techniques. All study sites used the same measuring equipment and procedures and in each class the investigators' team consisted of at least two people.
All measurements were performed during morning hours. Body weight was recorded to the nearest 100 g with the use of a digital scale (Tanita TBF 300) and with subjects standing without shoes in light clothing. Standing height was measured using a portable stadiometer (Leicester height-measure) to the nearest 0.1 cm without shoes, with the head positioned according to the Frankfort plane. Body mass index (BMI) was calculated by dividing weight (kg) by standing height squared (m 2 ). Waist and hip circumferences were measured to the nearest 0.1 cm with the use of a non-elastic tape (Seca, Germany) and with the subject at a standing position. Waist circumference was measured at the end of a gentle expiration after placing the measuring tape in a horizontal plane around the trunk, at the midway between the lower rib margin and the iliac crest. Hip circumference was measured at the point yielding the maximum circumference over the buttocks. Waist to hip (W/Hp) and waist to height (W/Ht) ratios were also calculated. Percentage of body fat (%BF) and body fat mass were estimated by the foot to foot impendence method (Tanita TBF 300) with children standing barefoot.
Obesity and overweight among children were evaluated using the IOTF (International Obesity Task Force) age-and gender-specific body mass index (BMI) cut-off criteria [12] . Underweight for children was defined using the international cut-off points for BMI for thinness grades 1, 2 and 3 by gender defined to pass through BMI of 16, 17 and 18.5 respectively, at age 18 [13] .
Dietary and eating behaviour assessment
Dietary assessment was based on a validated self-reported, semi-quantitative food frequency questionnaire (FFQ), consisted of 48 food items commonly used in the local Greek cuisine [14] . All participants were asked about their usual frequency of consumption of the food items (average over the last year) with the following response categories: Everyday, 3-6 times per week, 2 times per week, once a week, 1-2 times per month and seldom/never. Participants were also asked to quantify the portion of the food item they usually consumed, therefore standard size pictures of the food portions were also illustrated in the questionnaire for each of the food items in order to help the children to visualise the regular portion. Besides the basic food items, the questionnaire included 11 more supplementary questions assessing the type of the foods consumed (such as whole wheat vs. white bread, brown vs. white rice, low-fat dairy products vs. full-fat, and sugar-free vs. regular soft drinks).
Assessment of Mediterranean diet patterns
The KIDMED index (Mediterranean Diet Quality Index for children and adolescents) was used to evaluate the degree of adherence to the Mediterranean diet [15] . The KIDMED index was developed in an attempt to combine the Mediterranean diet (MD) guidelines for adults as well as the general dietary guidelines for children in a single index. It is based on the principles sustaining the Mediterranean dietary pattern as well as on those that undermine it. The index comprises of 16 yes or no questions. The total score ranges from −4 to 12 and is classified into 3 levels: ≥8, good adherence to the principles of the MD; 4-7, average adherence to the principles of the MD; and ≤3, very low diet quality in relation to the principles of the MD.
Physical activity assessment
All participants were asked to complete the Physical Activity Questionnaire for Older Children (PAQ-C) [16] . The instrument is designed for use in older children (ages 8-14 years) and consists of nine questions structured to discern moderate through vigorous physical activity (MVPA) during the last 7 d. The summary score for the PAQ-C is the average of the sum of the nine questions and it is designed to be used during the school year, rather than summer vacation or holiday periods (theoretical range 1-5).
Statistical analysis
Continuous variables are presented as mean ± SD, whereas categorical variables are presented as absolute and relative frequencies. Normality of variables' distribution was tested graphically using the P-P plots. The Student's t-test and one-way ANOVA, with Bonferroni correction to account for the inflation of type-I error due to multiple comparisons made, were applied to evaluate differences in mean values of normally distributed data. Associations between categorical variables were tested by contingency tables and chisquare test. In addition, discriminant analysis with the calculation of Wilk's lambda (theoretical range 0-1, the lower the better discriminating ability), was also applied to evaluate and hierarchy the food groups included in the KIDMED score, as regards the classification of children to normal weight and overweight/obese. All reported P-values are based on two-sided tests and compared with a significance level of 5%. SPSS 18.0 software (Statistical Package for Social Sciences, Chicago, IL, USA) was used for all statistical calculations.
Results
According to the IOTF cut-offs, the overall prevalence of childhood overweight (OW) was 29.5% and of obesity (OB) was 11.7%. The gender-specific prevalence for BMI categories is presented in Table 1 . The prevalence of overweight and obesity was higher in boys than girls ( 2 = 7.37, P = 0.02) and the same result was shown after combining overweight and obese (OW/OB) subjects into one category ( 2 = 4.40, P = 0.04). Furthermore, no differences were observed in the prevalence of OW, OB, or combined OW/OB in the overall sample and in both genders according to residence in large urban or semi-urban areas (P for all > 0.05). Additionally, no differences were found between different age-groups (10, 11 and 12 years old) concerning OW and OB prevalence, for both genders and the overall sample. Concerning the prevalence of thinness (including thinness grades 1, 2 and 3), it was found to be significantly higher in girls than boys ( 2 = 8.3, P = 0.04).
Anthropometric characteristics and body fat assessment results by gender and BMI category are presented in Table 2 . In all the presented characteristics, by the exception of age, there was a significant difference between normal weight, OW and OB children, in both genders (P for all < 0.05).
The KIDMED score was 3.65 ± 2.27 in the overall sample; only 4.3% of children had an optimal score (≥8), while 46.8% were classified as low adherers to the MD. KIDMED score did not differ between boys (3.64 ± 2.29) and girls (3.66 ± 2.24) (t-test = 0.18, P = 0.86); no differences were observed between normal weight (3.70 ± 2.26) and OW/OB children (3.62 ± 2.26) (ttest = 1.08, P = 0.28). In addition, no differences were found between the different age groups (F-test = 0.19, P = 0.83). However, children from urban and semi-urban areas of the country had higher KIDMED score (3.75 ± 2.28) as compared with those form large urban areas (3.56 ± 2.25) (t-test = −2.96, P = 0.003).
Further analysis (i.e., discriminant analysis) revealed that from the food groups considered for the KIDMED score, five were significant in classifying children into normal weight and overweight/obese categories. Specifically, cereals intake had the highest classification ability (Wilk's lamda = 0.976, P = 0.001), followed by sweets (lamda = 0.986, P = 0.011), various snacks (lamda = 0.988, P = 0.016), poultry (lamda = 0.988, P = 0.017) and starchy products (lamda = 0.991, P = 0.038).
Anthropometric, dietary and lifestyle characteristics of children according to their adherence to the MD are presented in Table 3 . BMI, %BF and central adiposity indicators did not differ between the KIDMED score groups. Compared with low adherers, children with moderate KIDMED score had higher IPAQ score. Concerning the frequency of food groups consumption, children with higher KIDMED score were more likely to consume more frequently starchy foods and cereals, fruits, fruit juice, vegetables, dairy products (milk, OW = overweight; OB = obese. a P < 0.001 for comparisons between normal-weight and overweight (OW) and obese (OB) children for the total sample, as well as for boys and girls separately (Bonferroni corrected).
b P < 0.001 for comparisons between overweight and normal-weight and obese (OB) children for the total sample, as well as for boys and girls separately (Bonferroni corrected). cheese and yogurt), legumes, nuts, red meat, poultry, eggs, fish and seafood. High adherers to MD also reported less frequent consumption of ice cream, traditional Greek foods with meat (souvlaki and gyros), burgers, salty snacks, soft drinks, and sweets and foods high in sugar.
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Discussion
In a nationwide, representative sample of Greek schoolchildren aged 10-12 years old, a very high prevalence of OW and OB, was observed. Based on the IOTF cut-offs, it was found that the prevalence of OW was 29.5% and the rate of OB was 11.7%. The rising prevalence of OW and OB in children has been associated with an increase in the prevalence of metabolic syndrome and type 2 diabetes [1, 17] . Previous data on Greek children have revealed that OW and OB children had higher levels of plasma triglycerides (TG) and lower levels of HDL-C and physical fitness compared to their normal-weight peers [18] . In addition, it has been shown that the prevalence of insulin resistance is higher in OW and OB children compared with the normal-weight [17] .
When comparing our results with other national data from Greece, it is evident that the percentages of overweight and obesity are higher. In the case of the study of Georgiadis and Nassis [19] , the reported overall prevalence of OW and OB, from students 6-17 years old, were 17.3% and 3.6%, respectively. This discrepancy can be explained by the fact that the study presented national data of 1990-1991. Our results also differ considerably from those of Karayiannis et al. [20] reporting an overall prevalence of OW and OB in 11-16 years old children and adolescents of 15.3% and 1.8%, respectively, probably because of the fact that body weight and height data were self-reported and therefore could be less valid and reliable than direct measurements [21] . Finally, in a recent study examining 11-year trends (1997-2007) in overweight and obesity of 8-9 years old children, it was shown that the prevalence of overweight rose between 1997 and 2007 from 20.2% to 26.7% for girls and from 19.6% to 26.5% for boys. In addition, trend analysis showed an increase in the prevalence of obesity from 7.2% in 1997 to 11.2% in 2007 for girls and from 8.1% in 1997 to 12.2% in 2007 for boys [22] .
Regarding underweight as a total of three grades of thinness, there is only one study in Greece referring to this problem and reporting that in 8-9 years old children the prevalence of underweight is stable over the decade (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) ranging from 7.5% to 9.6% and 9.6% to 12% for boys and girls, respectively, with girls having significantly higher rates than boys throughout the studied period [22] . Our results also demonstrate higher prevalence of underweight for girls than boys, a finding that agrees with data coming from other European countries where the overall reported prevalence of underweight ranged from 6.9 to 10.1% [23] .
We also observed a gender difference in the prevalence of overweight and obesity since both OW and OB prevalence were higher in boys than in girls which is in agreement with recent data from European countries also showing that in most of them, the prevalence of overweight in boys is higher than girls [5, 22, 24] . However, we did not observe any differences in childhood OW and OB rates between large urban and semi-urban/rural regions of the country, which confirms similar findings from previous studies in Greece [19] and neither geographical disparities that have been observed in other Mediterranean countries [25] .
In the present study only 4.3% of the children reported eating habits following the principles of the MD. Hence, our findings support previous evidence for low adherence to the dietary patterns of the MD, in children and adolescents in Mediterranean countries [26] . Although no differences were found in the BMI of the three different KIDMED score groups, results of our study provide evidence of the association between the level of adherence to the principles of the MD and the diet quality as well as a healthier lifestyle of children. In particular, it was shown that children with higher KIDMED score, also had more frequent consumption of fruits, vegetables, legumes, dairy products, fish, bread and nuts, and on the contrary had less frequent consumption of foods that according to the MD scheme should not be consumed regularly. However, due to the very low discriminating ability of the selected food groups (i.e., all foods had Wilk's lambda close to 1) it seems that these particular food groups consumption do not significantly contribute to children's classification into overweight/obese or non-obese groups. Moreover, children with higher KIDMED score reported having higher physical activity levels, indicative that besides following a healthier diet, also adopt a healthier lifestyle. The fact that high adherers to the MD also had more frequent consumption of red meat than the low adherers should be noted. This could probably be related to the fact that in order to ensure the adequacy of dietary iron intake in children, it is generally recommended to consume red meat more often than is suggested in the MD scheme. Therefore, it could be hypothesized that children's parents are encouraged to increase the weekly consumption of red meat.
The very low percentage of children with high adherence to the MD and the phenomenon of the nutrition transition could be related to the enhanced commercial availability of food, the overall improvement in socioeconomic conditions, and the high urbanization which has taken place in Greece over the last decades. The urbanization of life seems to be an important factor influencing the abandonment of the MD from the children, since we found that children from semi-urban areas had higher adherence to the MD compared with those form large urban areas.
The main strengths of our study are the nationally representative and large sample of school-children aged 10-12 years old and the relatively high response rate. Additionally, OW and OB rates were estimated with direct anthropometric measurements. An important limitation that has to be acknowledged is that the age range of the study, which was the late childhood and preadolescence, does not cover all age sections. Puberty, in particular, is a period of rapid growth in which boys and girls increase fatfree mass substantially, and in girls is associated with considerable increase in body weight and body fat-mass, therefore adolescence could be a critical period for developing obesity [27] . Future plans include to proceed into school-based childhood obesity prevention programs. It has been suggested that these kind of programs should target 10-14-year-old children, since it has been demonstrated that prevention trials including older children have positive outcomes in terms of reducing BMI [28] . Moreover, the cross-sectional design of the study does not allow for causal interpretations of the findings, and reverse causality may always exists in the relationship between diet and obesity.
In conclusion, the present study shows the alarming magnitude of the paediatric obesity problem in all areas and regions of Greece and the need for the establishment of long-term surveillance through population surveys in order to monitor secular trends in OB and to be able to reveal potential causative factors to combat the problem. Our findings support the notion and the general trend in Europe, showing that south European countries such as Spain, Italy, Portugal and Greece report the highest prevalence of obesity when compared to North European countries [5] .
Recently the traditional MD was included on the UNESCO Representative List of the Intangible Cultural Heritage of Humanity as a "set of traditional practices, knowledge, skills, and consumption of food" (www.unesco.org/culture). Characterized by a nutritional model that "has remained constant over time passed on from generation to generation and providing a sense of belonging and continuity to the concerned communities". However, despite all the increasing evidence about the benefits of the Mediterranean diet, the present data witness the deviation from this diet towards a more Western-type diet with higher consumption of energy-dense foods and lower consumption of healthy foods that constitute the dietary pattern.
Taking into account recent studies suggesting that childhood obesity in most cases tracks into adulthood [2, 3] , the current findings are indicating an increased risk for even higher rates of obesity in adolescence and adulthood in the near future exceeding those currently reported for the Greek adult populations [29] . Since it is estimated that 30% of CHD and ischemic stroke and almost 60% of hypertensive disease in developed countries is attributed to excess BMI [30] , the rising prevalence of childhood obesity in Greece is a serious public health issue, with an emerging need for preventing measures, and anti-obesity health policy interventions in order to improve the eating habits of the children that may continue into adulthood and reduce the risk for chronic diseases.
